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PURPOSE: To prevent the cross section of an insulating film q 
from taking on the shape of an overhang so that the place " 
where the insulation of a corner is fragile may not occur within 
the section between base wirings when forming an interlayer 
insulating film or a top passivation film in a semiconductor 
device. 

CONSTITUTION: This manufacture possesses a process of 
forming a reflow Si02 film 13 in reflow shape to such 
thickness that it does not cover a wiring pattern by introducing 
SiH4 gas or H2 02 gas into the reaction chamber where the 
semiconductor substrate is accommodated after making a 
wiring pattern 12 on the insulating film 1 1 on a semiconductor 
substrate 10, and reacting them upon each other within the 
temperature range of not less than -10 deg.C and not more than 
+10 deg.C in vacuum of not more than 665Pa, and a process of 
stacking a plasma CVD insulating film 14 on the 
semiconductor substrate continuously in vacuum succeeding to 
this by plasma CVD method. 



Description of correspondent: US5650360 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a method for manufacturing a semiconductor device with a multilayer wiring structure, including th< 
improved step of forming an insulating film such as an interlayer insulating film, or a top passivation film, which covers a 
wiring layer. 

2. Description of the Related Art 

In accordance with increases in the integration of semiconductor devices, techniques for forming multiple layers of wiring 
materials on a substrate have been developed. In the techniques, a technique for planarising an interlayer insulating film or a 
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passivation film has been regarded as important. 

The conventional step of forming multilayer wiring will be explained with reference to FIG. 1. 

First, an element region and a contact region, which are not shown, are formed in a semiconductor substrate 30, and then a k 
insulating film 31 with a thickness of about 1000 nm is formed on the resultant structure by the CVD under normal pressure. 

Subsequently, contact holes are formed in the lower insulating film 31 to connect the wiring to the element and contact regio 

A first wiring material (made of aluminum, which contains, for example, 1% Si and 0.5% Cu) for a lower wiring layer is 
deposited and patterned by photolithography and RIE (Reactive Ion Etching), thereby forming lower wires 32. 

The lower wires 32 have a thickness of about 900 nm and are arranged with a pitch of about 600 nm at minimum. 

Subsequently, a plasma CVD insulating film 33 with a thickness of about 800 nm is formed on the resultant structure by plas 
CVD. 

However, where the wires 32 are so thinned in a highly integrated LSI device, the above-described usual plasma CVD canno 
sufficiently supply reactive gas or inject ions to fine spaces defined between extremely thin wires. Accordingly, the CVD 
insulating film 33 cannot sufficiently grow in such spaces. 

In particular, those portions of the insulating film 33, which are deposited on the corners of the fine spaces between the thin 
wires, are very thin and may have overhanging cross sections. 

More specifically, as is shown in FIG. 1, a void 34 may be formed between overhanging portions 33a and 33b of the plasma 
CVD insulating film 33. Further, the overhanging portions of the insulating film 33 may adversely affect deposition of a sec< 
wiring material for an upper wiring layer, or patterning of the upper wiring layer, thereby causing a serious defect such as 
disconnection of upper wires due to defective forming of the upper wiring layer. . 

These problems indicate that the plasma CVD process as a process for forming an interlayer insulating film has reached its 
technical limit as the wires have extremely been refined. 

In addition, where the thickness of the CVD insulating film 33 is partially thin in the spaces between fine wires, the quality o 
thin portions of the film 33 is low because of insufficient supply of reactive gas or insufficient ion injection. 

Accordingly, if the CVD process is used to form a top passivation film, moisture, alkali ions, etc. may enter the LSI device fi 
the outside through those corners of the spaces between the wires located under the top passivation film, which are not 
sufficiently insulated by the plasma CVD insulating film, thereby degrading the reliability of the device. 

An APL (Advanced Planarisation Layer) process as one of techniques for planarising an interlayer insulating film is disclose 
for example, in a document "Matsuura et al. IEEE Tech. Dig., p 1 17, 1994", and in a document "Semiconductor Internationa 
DECEMBER 1994, pp 85-88". 

In the APL process, SiH4 gas is reacted with H2 02 gas, as an oxidizing agent, at a low temperature of e.g. 0 DEG C. under 
vacuum pressure, to thereby form on lower wires a reflow Si02 film as an interlayer insulating film. 

This process is advantageous in that deposition of an insulating film in the spaces between the lower wires and planarisation 
the insulating film can be performed at the same time, and hence in that a multilayer wiring structure can be formed at low c< 
by virtue of the simultaneous deposition and planarisation. 

However, as explained above, the interlayer insulating film obtained by the above-described conventional plasma CVD proc« 
cannot sufficiently grow in the spaces defined between lower thin wires, and may have portions of overhanging cross section 
As a result, a void may be formed in the spaces between the wires, and serious defects due to defective forming of the upper 
wiring layer, such as breakage of upper wires, short-circuiting in the wiring structure, etc., may occur. 

Moreover, as explained above, in the top passivation film obtained by the conventional plasma CVD process, moisture, alkal 
ions, etc. may well enter the device from the outside through those corners of the spaces between the wires located under the 
passivation film, which are not sufficiently insulated by the plasma CVD insulating film, thereby degrading the reliability of 
device. 

SUMMARY OF THE INVENTION 
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The invention has been developed in light of the above-described problems, and it is the object of the invention to provide a 
method for manufacturing a semiconductor device with a multilayer wiring structure, in which method the step of forming ai 
insulating film for covering wires formed of a wiring layer is improved so as to prevent the wires from having an insufficient 
insulated lower side portion because of insufficient growth of the insulating film thereon, thereby preventing degradation of : 
quality and imparting a highly planarised surface to the insulating film to enhance the reliability of the resultant semiconduct 
device. 

To attain the object, there is provided a method for manufacturing a semiconductor device having a multilayer wiring structu 
in which the step of forming an insulating film for covering a wiring layer is improved, comprising the steps of: 
forming a wiring pattern on an insulating film provided on a semiconductor substrate; 

forming a reflow film by step of introducing SiH4 gas and H2 02 into a reaction chamber in which the semiconductor substr 
provided with the wiring pattern is placed, and by reacting them with each other under a negative pressure of 665 Pa or less '< 
temperature falling within a range from -10 DEG C to +10 DEG C, thereby forming a reflow Si02 film of a reflow 
configuration on the wiring pattern such that it does not completely cover the wiring pattern; and 

forming a plasma CVD insulating film by depositing continuously a plasma CVD insulating film on the reflow Si02 film on 
semiconductor substrate by plasma CVD under a negative pressure. 

By virtue of the above-described steps, sufficient amounts of reactive gases and an ion gas can be applied to lower side porti* 
of the wires, and the plasma CVD insulating film sufficiently can grow even at the lower side portions, even where the wires 
extremely thin in accordance with high integration of the LSI device. Therefore, it is not possible that the plasma CVD 
insulating film formed on the wires and on those portions of the semiconductor substrate which are located between each 
adjacent pair of the wires has overhanging cross sections. 

Thus, the present invention provides a method for manufacturing a semiconductor device with a multilayer wiring structure, 
which method the step of forming an insulating film for covering wires formed of a wiring layer is improved so as to prevent 
wires from having an insufficiently insulated lower side portion because of insufficient growth of the insulating film thereon, 
thereby preventing degradation of film quality and imparting a highly planarised surface to the insulating film to enhance the 
reliability of the resultant semiconductor device. 

BRIEF DESCRIPTION OF THE DRAWING 

The accompanying drawing, which are incorporated in and constitute a part of the specification, illustrate a presently prefern 
embodiment of the invention and, together with the general description given above and the detailed description of the prefei 
embodiment given below, serve to explain the principles of the invention. 

FIG. 1 is a sectional view, showing an example of a conventional process for forming multilayer wiring of a semiconductor 
device; 

FIG. 2A is a partially sectional view, useful in explaining a step included in a process for manufacturing multilayer wiring oi 
semiconductor device, according to the embodiment of the invention; 

FIG. 2B is a partially sectional view, useful in explaining a step following to the step of FIG. 2 A; and 
FIG. 2C is a partially sectional view, useful in explaining a step following to the step of FIG. 2B. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The embodiment of the invention will be explained with reference to the accompanying drawings. 

FIGS. 2A-2C are partially sectional views, useful in explaining steps included in a process, according to the invention, for 
manufacturing a semiconductor device having a multilayer wiring structure, in which process the step for forming an insulati 
film covering a wiring layer is improved. 

As is shown in FIG. 2A, a lower insulating film 1 1 with a thickness of 1000 nm is deposited by normal pressure CVD on a 
semiconductor substrate 1 0, after an element region (not shown) and a contact region (not shown) are formed in surface porti 
of the semiconductor substrate (e.g. silicon substrate) 10. Thereafter, contact holes (not shown) are formed in the lower 
insulating film for connecting the element and contact regions to a lower wiring layer formed later. 

A first wiring material (e.g. aluminum containing 1% Si and 0.5% Cu) for a lower wiring layer is deposited on the resultant 
structure by, for example, sputtering, and then patterned by photolithography or RIE, thereby forming a lower wiring layer 1. 
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The lower wiring layer 12 has a thickness of about 900 nm and the minimum wiring interval is about 600 nm. Subsequently, 
SiH4 gas and H2 02 are introduced into a reaction chamber in which the semiconductor substrate 10 coated with the lower 
wiring layer is placed, and are reacted with each other under a negative pressure of 5 Torr (=5. times. 133.322 Pa=about 665 F 
at a temperature from -10 DEG C. to +10 DEG C. (e.g. 0 DEG C). As a result, a reflow Si02 film 13 of a reflow configurati 
is formed on the patterned lower wiring layer 12. In this case, the thickness of the reflow film 13 is set to such a value as alio 
the film not to completely cover the patterned layer 12, as is shown in FIG. 2B. For example, the thickness is about 300 nm. 

The state that the film 13 does not completely cover the patterned layer 12 means the following: 

At the time of coating the lower insulating film 1 1 and the lower wiring layer 12 with the reflow film 13 of a predetermined 
thickness, it is possible that those portions of the reflow film 13, which are deposited on contact portions of the lower insulat 
film 1 1 and the wires formed of the lower wiring layer 12, have concave cross sections as a result of its surface tension; that 
those portions of the film 13, which are deposited on the upper portions of the wires 12, have convex cross sections; and that 
side portions of the wires 1 2 are partially exposed. 

The above-described thickness value is what will cause this state. 

After the reflow film-forming process, a plasma CVD insulating film 14 is deposited on the reflow Si02 film 13 as shown in 
FIG.2C. 

To this end, SiH4 gas and N2 O gas are mainly reacted with each other by plasma CVD at a temperature of 300 DEG C.-400 
DEG C. (to avoid melting of the lower wires), thereby forming a plasma CVD-Si02 film 14 with a thickness of about 800 nr 
on the overall surface of the resultant structure. 

Since sufficient amounts of reactive gases and an ion gas are applied to lower side portions of the wires, the plasma CVD 
insulating film 14 sufficiently grows even at the lower side portions. As a result, the resultant plasma CVD insulating film or 
interlayer insulating film 14 has a cross section obtained by continuously connecting smooth U-shaped sections, and hence h 
highly planarised surface. 

Subsequently, if necessary, the resultant semiconductor substrate is subjected to 30-minute furnace annealing performed at a 
high temperature of 400 DEG C. -450 DEG C. in the atmosphere. 

Thereafter, the interlayer insulating film 14 is etched to form contact holes or via holes therein, and then a second wiring 
material (e.g. aluminum containing 1% Si and 0.5% Cu) is deposited and patterned, thereby forming an upper wiring layer 1: 

Since the lower plasma CVD insulating film 14 has a cross section consisting of smooth U-shaped sections connected to eacl 
other on a continuous basis, breakage of the upper wiring layer due to defective coating will not occur. 

As described above, in the embodiment, to form an interlayer insulating film, SiH4 gas and H2 02 are introduced into a reac 
chamber in which a semiconductor substrate provided with a lower wiring pattern is placed, and are reacted with each other 
under a negative pressure of 665 Pa or less at a temperature falling within a range from -10 DEG C. to +10 DEG C. (e.g. 0 D 
C), thereby forming a reflow Si02 film of a reflow configuration on the wiring pattern such that it does not completely cove 
the wiring pattern. After the reflow film-forming treatment, a plasma CVD insulating film is continuously deposited on the 
semiconductor substrate by plasma CVD under a predetermined negative pressure, and if necessary, the resultant structure is 
heated for 30 minutes or more at a high temperature of 400 DEG -450 DEG C. 

The reflow Si02 film has a U-shaped cross section between each adjacent pair of the wires formed of the lower wiring layer 
because of its surface tension. When the plasma C VD insulating film is continuously deposited on the semiconductor substra 
by the plasma CVD under a negative pressure in a state in which the reflow Si02 film of the U-shaped cross section is coate< 
lower side portions of the wires, a plasma CVD insulating film of high quality sufficiently grows even at the lower side porti 
of the wires since the supply of reactive gases thereto is promoted. 

The resultant plasma CVD insulating film has a cross section consisting of smooth U-shaped sections connected to each othe 
a continuous basis. 

Thus, the reflow Si02 film can prevent the wires from having insufficiently insulated lower side portions, and also prevent tl 
insulating film from having overhanging cross sections. 

As described above, the present invention can provide a highly planarised interlayer insulating film at low cost. 
The plasma CVD insulating film-forming step can be modified as follows: 
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SiH4 and NH3 gases are mainly reacted with each other by plasma CVD at a temperature of 300 DEG C.-400 DEG C to for 
plasma CVD-SiN film; or 

TEOS (tetra-ethoxy-silane) and 02 are mainly reacted with each other by plasma CVD at a temperature of 300 DEG C.-400 
DEG C to form a plasma CVD-Si02 film. 

Although the interlayer insulating film is formed in the embodiment, the same advantage as above can be obtained if a top 
passivation film is formed by forming the reflow Si02 film and the plasma CVD insulating film. Further, in this case, moisti 
or alkali ions can be prevented from entering the LSI device from the outside thereof through an insufficiently insulated low< 
side portion of a wire provided under the top passivation film, and through the plasma CVD insulating film, thereby preventi 
degradation of the reliability of the device. 

Additional advantages and modifications will readily occur to those skilled in the art. Therefore, the invention in its broader 
aspects is not limited to the specific details, and illustrated examples shown and described herein. Accordingly, various 
modifications may be made without departing from the spirit or scope of the general inventive concept as defined by the 
appended claims and their equivalents. 

Claims of correspondent: US5650360 



What is claimed is: 

1. A method for manufacturing a semiconductor device having a multilayer wiring structure, in which the step of forming a 
insulating film for covering a wiring layer is improved, comprising the steps of: 

forming a wiring pattern on an insulating film provided on a semiconductor substrate; 

forming a reflow film by introducing SiH4 gas and H2 02 into a reaction chamber in which the semiconductor substrate 
provided with the wiring pattern is placed, and by reacting them with each other under a negative pressure of 665 Pa or less i 
at a temperature falling within a range from -10 DEG C. to +10 DEG C, thereby forming a reflow Si02 film of a reflow 
configuration on the wiring pattern leaving side portions of the wiring pattern partially exposed; and 

forming a plasma CVD insulating film by depositing continuously the plasma CVD insulating film on the reflow Si02 film ( 
the semiconductor substrate by plasma CVD under a negative such that the plasma CVD insulating film covers the partially 
exposed side portions of the wiring pattern pressure. 

2. The method according to claim 1, wherein in the plasma CVD insulating film-forming step, SiH4 gas and N2 O gas are 
reacted with each other at a temperature falling within a range from 300 DEG C. to 400 DEG C, thereby forming a plasma 
CVD-Si02 film. 

3. The method according to claim 1, wherein in the plasma CVD insulating film-forming step, SiH4 gas and NH3 gas are 
reacted with each other at a temperature falling within a range from 300 DEG C. to 400 DEG C, thereby forming a plasma 
CVD-SiN film. 

4. The method according to claim 1 , wherein in the plasma CVD insulating film-forming step, TEOS gas and 02 gas are rea( 
with each other at a temperature falling within a range from 300 DEG C. to 400 DEG C, thereby forming a plasma CVD-Si( 
film. 

5. A method for manufacturing a semiconductor device having a multilayer wiring structure, in which the step of forming a 
insulating film for covering a wiring layer is improved, comprising the steps of: 

forming a wiring pattern on an insulating film provided on a semiconductor substrate; 

forming a reflow film by introducing SiH4 gas and H2 02 into a reaction chamber in which the semiconductor substrate 
provided with the wiring pattern is placed, and by reacting them with each other under a negative pressure of 665 Pa or less i 
at a temperature falling within a range from -10 DEG C. to +10 DEG C, thereby forming a reflow Si02 film of a reflow 
configuration on the wiring pattern leaving side portions of the wiring pattern partially exposed; 

forming a plasma CVD insulating film by depositing continuously the plasma CVD insulating film on the reflow Si02 film c 
the semiconductor substrate by plasma CVD under a negative such that the plasma CVD insulating film covers the partially 
exposed side portions of the wiring pattern pressure; and 

heating the resultant semiconductor substrate for 30 minutes or more at a high temperature falling within a range from 400 D 
C. to 450 DEG C. 

6. The method according to claim 5, wherein in the plasma CVD insulating film-forming step, SiH4 gas and N2 O gas are 
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reacted with each other at a temperature falling within a range from 300 DEG C. to 400 DEG C, thereby forming a plasma 
CVD-Si02 film. 

7. The method according to claim 5, wherein in the plasma CVD insulating film-forming step, SiH4 gas and NH3 gas are 
reacted with each other at a temperature falling within a range from 300 DEG G. to 400 DEG C, thereby forming a plasma 
CVD-SiN film. 

8. The method according to claim 5, wherein in the plasma CVD insulating film-forming step, TEOS gas and 02 gas are rea< 
with each other at a temperature falling within a range from 300 DEG C. to 400 DEG C., thereby forming a plasma CVD-SK 
film. 
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[0 0 18] ±EU7D— S iOj Mtt. TJfiE^©E 

«mH»rtT3iBa*KSEanjtia*©»fB»««M 50 



#»f¥8-22 2 5 5 9 

f*. co«t5&>fBiatt©U7D-s io» imir«fco 
E*wiB*rt39«s»a*nfc««T?, §i*es. 

xv c v d t&mm*mmmi&-fz>®, E&miiffiA©H 

©H»T*>AllfcX?XvCVDlBEK#4^fcfc*rt- 

•5. 

[0019] cntiD, x^xvcvDjeiagoj&ig 

A y i^-v- 3 »m©T*Eiii©E«IMI§Si3rtTPg|5© 
«W»Wia«)hWBftb!!tWJ:5fcKfJl:U i&i&SI© 

CgnfcMnifiSlt& * W4 h yXAyv^-v 

[0 0 2 0] 

[*JS0J] «T. HB*#Hl/T*»i|li©-*iM!ft# 
SfflfCl«?l|-r-g). 01 (a) 75H (c) 14. #389I©¥3? 
frgS ©S jg^ft©-^^ K«* aHIE*ttS©-E 

[0 0 2 1] Jf, 01 (a) IC^-r«fc5fC, 
£ (HjttfJ'U 1 OK*?** (Hit 

T) . n>^7 b<g« (Hwtf-f) ZMf&Vtc®. tfffi 
CVD&(C<tOT*j8iftRl 1 1 0 0 0 nmgS 

riai-r*. TttiffiSKi ifca>** h*-;u 

[0 0 2 2] Jfcfc, TEE8U8©m©E«*m (fl*. 
«Si§l%, Cu£0. 5%&$tS7)lS.-V&) £ 
MAIfX/Ty Otitic J:Q«««, 7* h U 7X57-f 
R I Ej**fl|V»TE»»»©/t^-->y*ffoT- 

tjiee 1 2 *»jarr*. &*, teeei^owsb 

9 0 0 nmgg, EttHRaft^T6 0 0 nmg&T* 
[0 0 2 3] Jfcfc, TEiSKXIffttlO'HMMHRl 0* 

ceufcEitasrtfcs iH4 #7*5<ttfH 2 o 2 s^a 

U 5Torr = 5Xl3 3. 322Pa (H«6 6 5 

p a) £ht©x&4». - 1 oxjeuh- 1 o < CfiTF©fi£ 

ffifflft MlttOX:) TE^fcKJfcStf. 01 (b) fc 
^T«to{C, 'j7B-»tt*t1"«'J7D-S IOiI 
1 3*TSE«S1 2©E«/1*->*3S£fctt*Bl/ft 
^■WS-C («*«3 0 OnmSS) »*-f*. ±EU 
7D-S i 0 2 181314. T^EISl 2©E«IKI18Srt 
^iii«*t3fflsnfcP3tt©»riiiW«ftS-r-B. 
[0 0 2 4] ±EU7D-m»j«lSIC9l«i»» Bf«' 
©K2g«PTa^tttc, 01 (c) C^-ri'SK, MEU 
7Q-Si0 2 11 3±.\Z^yX-7CVDimmi 4* 

[0 0 2 5] ±E7*7XVCVD«BdRl 4**MW* 
E. SiH4 Jtf7tN 2 0#7££ 3 0 0*CH±. 4 0 
O'CfiTF (T»E«6©S»S»l7*ta«) ©ift«SSSI8^ 
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TSJSSttS^XvCVDSifccfcrK SiH< iN* 
0££±£SKJS.J:l"TJP3#8 0 0 nmfSO^X 
TCVD-S iOz &%±W\ZMffcf%>. 
[0 0 2 6] £©I8> E«iraiH^C0KSE^OM^^ 

<fcD» X^X^CVDif^lgll 4©J&i1l&©8iIi#, »f 

[0 0 2 7] £©&. ^»:«t;t, ¥$&S«£4 0 
0t:tt±, 4 5 0 < C**©iHfiT, *»+T3 0#£U: 
C7T—*X7=.—M %fto* £©&> 

fc&WXy^^SrfTW ±TO«ffl©m2©E«l0^ 
(M^.«Si41%, Cu£0. 5%Z$iS7)\<S.-V 
A) A*-x>^£froT±JlEii§ll 5ZM 

fa?*, 

[0 0 2 8] :®SS, T^X^XVCVD^J&Kl 4 

js-rs®, e^a*-^^^©**^®^^ 

fcSJfc^fiKS i H4 #743<J;tfH 2 0 2 £*AU 6 
6 5 P aSAT©*^ - 1 0 < CBUi+ 1 O'CETOfi 

n-S iOi K£JiBEi88A*->£SS:£:t;:«$«Lfc 

<&mz.foCX*m#&&*4 0 0t:«J:, 4 5 010*$ 
©iftfi*T3 0#m±8$ffl£fT5 *>©-?&•&. 
[0 0 2 9] ±K'J7D-S iOs m\t, TiftE«©E 

xvcvD&i»i8£it«rrsi&> EHKRS«i*i©ffi 
[0030] initio, ^7XTCvDffisi©« 
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6 

SfSJ;3lC^S. t^T, JgfW*fi«l8l©TiB!EilS©E 

y-vgmt* z. ttfvimiztzZo 

[oo3i] ±.mmmm\z&vz>77XvcvD 

#7. <h£ 3 0 0 "CK-h. 4 0 0 ■C£TF©ia&fBfflftTM 
lSS-a:5X7XvCVD?tlr<J;0, SiH< £NH 3 t 
*ttZRfetLX3 0 0"C£JI±, 4 0 0^^©^ 
ISfflft-CX^XVCVD-S i NSSfc^L-ifcrK TE 
OS (f h5 • Ih^/ • -/7» tOz tZ^tcZR 
fotlsXZO O'CSUi, 4 0 0 , C«T©flft«6H*n?X 

7X^cvd-sio 2 

[0032] ±Ems«»itt, sra^gtiigs^-r 

aUHCb. ±B«K«fc*UTU7p-S i0 2 K*<fc 

Cfli c <t> firt\ lsi taw x ©fl- 

£*5K>7Jkfr 'M * >fc XA -/ v^- 
-> 3 >l£T©E®©E«[SMrt©ffi$©ii^a ! llii& 
«»f3j>6^5XvCVDWWl*aiil/T7 f /UXrt« 

[0 0 3 3] 

±nti> ¥*fcg«©»Mii&W«*S h v 

Hia5rtTPg|5©«eiSi^llfe^^<SR'f* t ^4L/^^ck5 fcK 
itU «6BaB©Kffi*<*-AWN>^^£SSfcV>± 

[01] **i|BO*»(*:««oKfi*a©-*ll*IK« 
-5#lEiSSXS©-^4^-r»rffi0. 
[02] ^©#lE*8l8©-0l£^t"»rffi0. 

1 o 1 1 -«MI, 1 2 -TliMU 1 

3-U7D-Si0 2 l, 1 4-X5XTCVD8& 1 
5-±»E*lo 
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